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CHAPTER                                     1
[image: image53.emf]
BASIC CELLULAR COMMUNICATION SYSTEMS

The cellular system as an example of a mobile communication systems, can be defined as mobile system realizing two -way wireless communication between the fixed part of the system in the form of appropriately located base stations and mobile stations moving in the area covered by the base station system. 

1. Diversity System

A diversity scheme is a method that is used to develop information from several signals transmitted over independent fading paths.

This means that the diversity method requires that a number of transmission paths be available, all carrying the same message but having independent fading statistics. The basic requirement of the independent fading is received signals are uncorrelated. Therefore, the success of diversity schemes depends on the degree to which the signals on the different diversity branches are uncorrelated. 

Proper combining the multiple signals will reduce severity of fading and improve reliability of transmission. Incorporate two-antenna elements at the base station with a slight physical separation allow receiving different multipath fading, then adversity gain is achieved. Diversity gain (which is possible only with multipath fading) represent the reduction in the required output (SNR) so diversity offers an improvement in the effective strength of the received signal by using Switched diversity or Combining diversity.

[image: image54.emf]
 Smart Antenna Definition

The term (smart antenna)  generally refers to any antenna array, terminated

in a sophisticated signal processor, which can adjust or adapt its own beam pattern in order to enhance signals of interest and to minimize interfering signals. The smart antenna concept is opposed to the fixed beam “dumb antenna,” which does not attempt to adapt its radiation pattern to an ever-changing electromagnetic environment.
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1- Smart Antenna Construction
1- Antenna Array
2- Radio Unit (ADC), down conversion units.
3- Processing Unit
4- Beamforming Unit
[image: image56.emf]
3- Levels of Intelligence
Smart antennas generally encompass both switched beam and beamformed adaptive systems. 
1- Switched beam systems have several available fixed beam patterns. A decision is made as to which beam to access, at any given point in time, based upon the requirements of the system. 
2- Beamformed adaptive systems allow the antenna to steer the beam to any direction of interest while simultaneously nulling interfering signals. 
4. Theory of Operation 
Figure 2. contrasts two antenna arrays. The first is a traditional, fixed beam array where the mainlobe can be steered, by defining the fixed array weights
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 . However, this configuration is neither smart nor adaptive.

The second array in the figure is a smart antenna designed to adapt to a changing signal environment in order to optimize a given algorithm.

In this example, the cost function is defined as the magnitude of the error squared, |ε|2, between the desired signal d and the array output y. The array weights  
[image: image2.wmf]w

 are adjusted until the output matches the desired signal and the cost function is minimized. This results in an optimum radiation pattern.

The rapid growth in demand for smart antennas is fueled by two major reasons. The technology for high speed analog-to-digital converters(ADC) and high speed digital signal processing. 
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Smart Antenna-  rrayA . 2 Figure

5. Why Smart Antennas ?
The rapid growth in telecommunications alone is sufficient to justify the incorporation of smart antennas to enable higher system capacities and data rates.

Smart antennas can provide higher system capacities by directing narrow beams toward the users of interest, while nulling other users not of interest. This allows for higher signal-to-interference ratios, lower power levels, and permits greater frequency reuse within the same cell. This concept is called space division multiple access (SDMA).

In many countries, most base stations sectorize each cell into three 120◦ swaths as seen in Fig. 3-a. This allows the system capacity to potentially triple within a single cell because users in each of the three sectors can share the same spectral resources. Most base stations can be modified to include smart antennas within each sector. Thus the 120◦ sectors can be further subdivided as shown in Fig. 3-b. This further subdivision enables the use of lower power levels, and provides for even higher system capacities and greater bandwidths.

Another benefit of smart antennas is that the deleterious effects of multipath can be mitigated.


Sectorized and Smart Antenna . 3 Figure

There are numerous potential benefits of smart antennas:

■ Improved system capacities

■ Improved the range (coverage area)
■ Space division multiple access (SDMA)

■ Higher signal-to-interference ratios

■ Increased frequency reuse

■ Sidelobe canceling or null steering

■ Multipath mitigation

■ Blind adaptation

■ Improved angle-of-arrival estimation and direction finding

■ Instantaneous tracking of moving sources

■ Improved array resolution

■ MIMO compatibility in both communications and radar

6. Beam-forming Basics

The main objective of the beamforming is to adjust complex weights connected to every antenna branch to reshape (virtually) the receiver antennas’ radiation pattern to achieve the required objective. 
One criterion which can be applied to enhancing the received signal and minimizing the interfering signals is based upon maximizing the SIR. 
If we can cancel all interference by placing nulls at their angles of arrival, we will automatically maximize the SIR.

The performance enhancement of the adaptive antennas is due to the reduction in the interference power by attenuating the interference signals which have different directions of arrivals than the desired signal direction of arrival at the receiver antenna site. This can be done by exploiting the phase differences between the antenna terminals which depend on the direction of arrival of the signal. Such a process is known as spatial processing because the direction of arrival is related to the transmitter location.

The system performance can be further improved by exploiting the delay spread of the received signals. The time delay for the element m in an array of M elements can be given as
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The signal received at the element m in an array of  M elements can be modeled as
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The question now is, how can these multi-antennas determine (or estimate) the direction of arrival (DOA) of signals? The answer is that there will be phase differences between the received signals at each antenna’s output due to the delay of the electromagnetic wave between the antennas.

This phase depends on the direction of arrival of the electromagnetic wave. Since we know that the electromagnetic waves travel with a speed close to the speed of light, and the difference between the antennas can be in terms of centimeters, how can we see the considerable phase difference between the signals in this case? This inquiry is handled in the following example.


A receiver utilizes two antennas separated by 3 cm; if the signal comes from a direction perpendicular to the line joining the antennas, find the delay and the phase difference. The carrier is 2.4GHz.

Solution
Assuming that the signal at the first antenna output has the following form:
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The signal received by the first element has no time delay ( τ = 0) as it assumed as reference element. The signal at the second antenna’s output will be delayed by ( τ2 )
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The signal received by the second element 
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The phase difference is (∆φ =2 π f τ) which is quite large due to the high carrier frequency
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The vector of the relative phase differences with respect to the first element, is called the steering vector. 
The phase difference ( ∆Ψm) between the antenna element m and the reference element at the origin can be easily derived as
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Where ( θ, φ)  are the elevation angle and the azimuth angle, respectively, (2π/λ) is the phase propagation factor, λ is the wavelength, and (Xm, Ym, Zm) is the Cartesian position of the antenna element m with respect to a reference element (assumed to be at the origin).


Find the general form of the steering vector for a three-receiving antenna system allocated on the x-axis as shown in Figure.  The antenna elements are separated by a distance of 5 cm. The carrier frequency is 900MHz.



Let us assume an N = 3-element array with one fixed known desired source and two fixed undesired interferers. All signals are assumed to operate at the same carrier frequency. Let us assume a three-element array with the desired

signal and interferers as shown in Fig. 4. The array vector is given by
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The array weights for optimization are given by
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Therefore, the general total array output is given as
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The array output for the desired signal will be designated by ys whereas the array output for the interfering or undesired signals will be designated by y1 and y2. Since there are three unknown weights, there must be three conditions satisfied.
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If the desired signal is arriving from θ0 = 0ο while, the interferer signals are arriving from θ1 = −45◦ and θ2 = 60◦, how the necessary weights can be calculated for an array of three antenna elements separated by a distance of  d ? 

Solution
Let the array arranged as shown 

 obc ∆

[image: image19.wmf]q

q

sin

sin

d

L

d

L

=

D

Þ

D

=



[image: image20.wmf]q

q

l

p

f

q

sin

)

sin

(

2

sin

d

k

d

d

L

=

=

D

Þ

=

D


For the reference element that is assumed to be located at the origin, ∆φ is equal to zero, for the other two element in the array, the phase shift will be 
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The general steering vector will be written as follows
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We have three sources , one of them is the desired signal and the others are considered as interference sources. We will re-write the steering vector in terms of each source direction(angle).
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The array steering vector can be written as 
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The weights vector can be written as 
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The output for the smart antenna will be the result of multiplication of the steering vector and the weight vector. Therefore, the output (y) will be 
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The matrices of (3˟3), and (1˟3) can not be multiplied so we take WH :
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The array output for the desired signal ys and the array output for the interfering or undesired signals y1 and y2, will be
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Adaptive Antenna System Construction
COVERAGE IMPROVEMENT STRATEGY
The coverage area, is the area in which communication between a mobile and the base station is possible. To obtain a reliable wireless system design, it is necessary to understand how signals propagate in the cell environment as radio propagation conditions limit the area which can be covered by a transmitter. 

LOG - DISTANCE PATH LOSS ( dn ) MODEL
The dn path loss model is used to predict the power transfer or the path loss between a transmitter and a receiver. It takes into account the decrease in energy density suffered by the electromagnetic wave due to spreading, and the interaction of the electromagnetic wave with the propagation environment.
The dn model predicts that the mean received power, Pr(d), and the mean path loss, PL(d), measured in dB, at a any distance d from the transmitter can be given as:
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where Pr(do) is the mean received power in dB at a reference distance do that is chosen to be in the far-field of the antenna, PL(do) is the mean path loss in dB at do, and n is the empirical quantity (path loss exponent value) which is typically between 2 (for free space) and 6 (dense urban environments) . 

DERIVATION OF COVERAGE EXTENSION USING ( dn ) MODEL
If for a single omnidirectional antenna the maximum permissible attenuation level PL(d) is achieved at the distance d1 from the mobile base station, then during the application of adaptive array the same attenuation is achieved at the distance d2, where 
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where Rc1 is the cell radius when a single omnidirectional antenna is used, while Rc2 is the cell radius during the use of an adaptive antenna array. 

As the gain of adaptive antenna is equal to (10 log N) in dB scale, it will equivalent to (N) which is the number of array elements in a dimensionless scale, therefore,
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In general, the area covered by a hexagonal cell (Ac) can be determined by[9]:
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Assuming that the cell area covered by a base station with a single antenna is Ac1, and the area covered by adaptive array is Ac2, the coverage extension will be 
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Simple basic Concept

             Imagine a simple model of two base station antennas attempting to communicate to two users, user (A) and user (B) in the same channel.               Also imagine that since the signals from these users travel along different paths to base station, they arrive at the antenna array in the combination shown in the figure (3-10):

              User A signal at the base station: (+ A, +A)
              User B signal at the base station: (+ B,   -B)


Smart Antenna basic concept

                              User A’s signals arrive in phase between the two antennas, and user B’s signals arrive out of phase between the two antennas. 

                These signals arrive together at the base station and combine to become:

              (+A +B)  at the first antenna element, and 

              (+A  -B) at the second antenna element.

              Now very simply, in order for the base station to extract user A’s signal from the interference caused by user B, it simply adds the two signals after multiplying  them with weight factors (+1,+1) :

        Extract User A:   (+1, +1) * (+A+B, +A -B)  = (+A+B) + (+A -B) = 2A

              Similarly for user B, the weight factor   (+1, -1) is used:

                Extract User B:   (+1,  -1) * (+A+B, +A -B)  = (+A+B)  - (+A -B)  = 2B

          In each case, by the use of an appropriate weight, the base station is able to extract and separate the signals of user (A) and user (B) from one another while simultaneously providing gain for each. 

          From that simple concept we note that significant gain is obtained and the interference is cancelled by using an array of two antennas, and there should be another part that determine the weight by which the received signal multiplied, and apart that collect the results of multiplication. 
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